We present K-band observations of five Mira stars with the IOTA interferometer. The interferograms were obtained with the FLUOR fiber optics beam combiner which provides high-accuracy visibility measurements in spite of timevariable atmospheric conditions. For the Mira stars X Oph, R Aql, RU Her, R Ser, and V CrB we derived the uniform-disk diameters 11.7 mas, 10.9 mas, 8.4 mas, 8.1 mas, and 7.9 mas (±0.3 mas), respectively. Simultaneous photometric observations yielded the bolometric fluxes. The derived angular Rosseland radii and the bolometric fluxes allowed the determination of effective temperatures. For instance, the effective temperature of R Aql was determined to be 3072 K ±161 K. A Rosseland radius for R Aql of 250 R ⊙ ±63 R ⊙ was derived from the angular Rosseland radius of 5.5 mas ±0.2 mas and the HIPPARCOS parallax of 4.73 mas ±1.19 mas. The observations were compared with theoretical Mira star models 1,2 (D/P model Rosseland radius = 255 R ⊙ ; measured R Aql Rosseland radius = 250 R ⊙ ±63 R ⊙ ).
INTRODUCTION
The resolution of large optical telescopes and interferometers is high enough to resolve the stellar disk of nearby M giant stars, to reveal photospheric asymmetries and surface structures, and to study the dependence of the diameter on the wavelength, variability phase, and cycle. Previous speckle or long-baseline interferometry observations were, for example, reported in Refs. [3] [4] [5] [6] [7] [8] [9] [10] . Theoretical studies (e.g. Refs. 1-2 and 11-13) show that accurate monochromatic diameter measurements can significantly improve our understanding of M giant atmospheres. With the IOTA interferometer a resolution of ∼ 9 mas can be achieved with its largest baseline of 38 m in the K-band. The IOTA interferometer is located at the Smithsonian Institution's Whipple Observatory on Mount Hopkins in Arizona. A detailed description of IOTA can be found in Refs. 14 and 15. IOTA can be operated in the K-band with the FLUOR 16 fiber optics beam combiner. This beam combiner provides high-accuracy visibility measurements in spite of time-variable atmospheric conditions. The single-mode fibers in the beam combiner spatially filter the wavefronts corrugated by atmospheric turbulence (see Refs. 16 and 17).
OBSERVATIONS
The five Miras X Oph, R Aql, RU Her, R Ser, V CrB were observed with the IOTA interferometer on May 16, 17 and 18, 1999 . The observations were carried out with the fiber optics beam combiner FLUOR in the K-band and with 38 m baseline. The interferograms are scanned by the delay line during the coherence time of the atmosphere. The OPD length of the scan is ∼ 100 µm. Approximately 100 scans per baseline were recorded. Several reference stars (Table 1) were observed for the calibration of the observations (see Ref. 17 for more details). The diameters of the reference stars were derived from the scale of stellar diameters at K-magnitude = 0 for giants by Dyck et al. 18 . The fringe visibility of the reference stars was 64% -94%. Fig. 1 shows the obtained visibility functions of the five Mira stars together with uniform-disk fits. The errors of the derived Mira star diameters are 1-3%. In Table 1 the calibrated visibilities and the derived uniform-disk diameters of the five Miras are listed, together with observational parameters (spectral type, variability period P , date of observation, variability phase Φ vis , projected baseline length B p , calibrated visibilities V , derived uniform-disk diameters Θ UD , and reference stars).
COMPARISON OF THE OBSERVATIONS WITH MIRA STAR MODELS
In this section we derive angular diameters from the measured visibilities by fitting different theoretical center-tolimb intensity variations (hereafter CLV) of different Mira star models (Bessel, Scholz and Wood 1996 = BSW96 1 , Hofmann, Scholz and Wood 1998 = HSW98
2 ). From these angular diameters and the bolometric flux, we derive effective temperatures. For R Aql a HIPPARCOS parallax is available which allows us to determine linear radii. The comparison of these measured stellar parameters with theoretical ones indicate whether any of the models are a fair representation of the observed Mira stars. All Mira star models used in this paper are from BSW96 (D and E series) and from HSW98 (P, M and O series). They were developed as possible representations of the prototype Mira variable o Ceti, and hence have periods P very close to the 332 day period of this star; they differ in pulsation mode, assumed mass M and assumed luminosity L; and the BSW96 models differ from the (more advanced) HSW98 models with respect to the pulsation modelling technique. The five models represent stars pulsating in the fundamental mode (f ; D, P and M models) or in the first-overtone mode (o; E and O models). Table 2 lists the properties of these Mira model series (R p = Rosseland radius of the non-pulsating parent star of the Mira variable = distance from the "parent star's" center, at which the Rosseland optical depth τ Ross equals unity, see BSW96 and HSW98; T eff ∝ (L/R 2 p ) 1/4 = effective temperature). Table 3 provides the link between the 22 abscissa values (model-phase combinations m) in Figs. 2 and 3, and the models, and it additionally lists the variability phase, relative Rosseland and stellar K-band filter radius, and the effective temperature. We compare predictions of these models at different phases and cycles with our observations. Monochromatic radius R λ and Rosseland radius R. We use the conventional stellar radius definition where the monochromatic radius R λ of a star at wavelength λ is given by the distance from the star's center at which the optical depth equals unity (τ λ = 1). In analogy, the photospheric stellar radius R (Rosseland radius) is given by the distance from the star's center at which the Rosseland optical depth equals unity (τ Ross = 1). This radius has the advantage of agreeing well (see Table 6 and the discussion in HSW98 for deviations sometimes occurring in very cool stars) with measurable near-infrared continuum radii and with the standard boundary radius of pulsation models with
Stellar filter radius R f . For the K-band filter used for the observations we have calculated the theoretical CLVs corresponding to the above mentioned five Mira star models at different phases and cycles. The stellar radius for filter transmission f λ is the intensity and filter weighted radius R f = R λ I λ f λ dλ / I λ f λ dλ, which we call stellar filter radius R f after the definition of Scholz & Takeda 19 . In this equation R λ denotes the above monochromatic τ λ = 1 radius, I λ the central intensity spectrum and f λ the transmission of the filter. Table 3 ), were derived by least-squares fits between the measured visibilities and the visibilities of the corresponding theoretical CLVs. Additionally, the angular Rosseland radii R a m were derived from the obtained stellar K-band radii R a K,m and the theoretical ratios R m /R K,m from Table 3 (Table 3 provides theoretical R and R K values for each model-phase combination m). In the following subsections we apply CLVs predicted from all five models at phases both near our observations and, for comparison, also at other phases.
Effective temperature
Effective temperatures of each observed Mira star were derived from its angular Rosseland radii R a m and its bolometric flux using the relation
where F bol is the apparent bolometric flux in units of 10 −8 erg cm −2 s −1 and φ = 2×R a m is the angular Rosseland diameter in mas. The bolometric flux was derived from JHKLM-band observations carried out twelve days after the visibility observations. For cool stars such as LPVs, where most of the luminosity is emitted at near-infrared wavelengths, a convenient approximation for calculating bolometric magnitudes is to use a blackbody function to interpolate between photometric observations in the J, H, K, L and M bands. For estimating the bolometric flux we used JHKLM photometric measurements which were carried out with the 1.25 m telescope at the Crimean station of the Sternberg Astronomical Institute in Moscow twelve days after our visibility observations. (Fig. 3) .
If we calculate average R Aql radii by averaging the radii derived with all available near-maximum D model CLVs (i.e., m = 1, 3) and/or near-maximum P model CLVs (i.e., m = 9, 11, 13, 15) we obtain: Table 3 shows the link between the abscissa values and the models and their phases. Table 3 gives the link between the abscissa values (model-phase combinations m) and the models and their phases.
